between sexes, determine the state of maturity of the opposite sex and engage the co-operation of the partner in moulding and rolling a ball. This is achieved by pheromonal and behavioural means. several hundred pores supplied by a large gland complex immediately underlying the depression in which the sieve is located [7] , The male Kheper assumes the highest position on the dung pad when releasing the pheromone and an approaching female is challenged by the male when her presence is detected, by raising his forelegs and advancing on the female. Her reaction is a sub missive lowering of the forelegs, followed by antennal contact and acceptance by the male. The male then detaches a portion of dung from the pad which is rounded by the female and proceeds to roll both the ball and the female clinging to it, away from the dung pad. Once the dung ball is buried, copulation occurs below the soil, the male returning to the surface after four days while the female remains below to lay an egg in the ball and to brood the developing larva. 
Materials and Methods

GeneraI
Dichloromethane (Merck, Residue Analysis Grade) and pentane (Merck, Spectroscopic Grade) were analysed gas chromatographically and found to be pure enough for extraction purposes when used in small quantities. All Pyrex glassware used in the handling of the material was heated to 500 °C in an annealing oven to remove any traces of organic material. Spatulas, syringes, N M R sample tubes, etc., that were used to collect or handle material, were cleaned by rinsing with the dichloromethane specified above. Analytical gas chrom atographic separations were carried out on a Carlo Erba Fractovap 2100 gas chrom atograph, using helium as carrier gas. A glass capillary column (40 m x 0.3 mm), coated with Carbowax 20 M, was used for analytical separations and gc-ms analyses o f the volatile con stituents of the sex attracting secretion. Gc-ms analyses were carried out on a Varian M AT 311 A mass spectrometer interfaced to a Varian A ero graph 2700 gas chrom atograph by coupling the capillary column directly to the mass spectrometer. This gc-ms system was used in combination with a Varian MAT Spectro-System 100 MS data system. For gas chrom atographic and gc-ms analyses of derivatized amino acids, a glass capillary column (40 m x 0.3 mm) coated with SE-30, was employed. The gc-ms analysis of the derivatized amino acids was carried out on a Finnigan 4510 mass spectro meter. 'H and 13C N M R spectra were recorded on a Varian F T 80 N M R spectrom eter, using 99.98% isotopically pure deuterochloroform , distilled from molecular sieve (3 A ), as solvent. Energy dispersive X-ray analyses (E D X analyses) were carried out on an ISI-100A scanning electron m icroscope with an ED A X 9100 accessory. A total of 17 male K. lamarcki were transported to Stellenbosch by air in containers with moist soil. The dung beetles were kept in an 80 x 50 cm galvan ized iron container with 6 cm of moist soil in the bottom and were provided with fresh horse dung every morning. To prevent the dung beetles from escaping, the container was covered with metal gauze. As soon as a beetle was observed to assume the attractant secreting posture, the hind leg on the right hand side was removed to prevent the dis persal of the secreted material on that side. The beetle was then placed in another similar metal container in which a m axim um of three or four dung beetles were kept, as a beetle immediately stops secreting the attractant when it is disturbed by another beetle.
A beetle from which a hind leg had been re moved. usually disappeared underground. Some of them reappeared after an hour or more and re sumed secreting the sex attractant, while others, although apparently behaving normally, did not produce any further secretion. Some o f the beetles died within a week or two after removal of a leg, while others survived to the end of the active season towards the middle of January. In captivity, production of the sex attractant was found to be sporadic and. contrary to observations in nature, captive beetles produced the secretion even when not in possession of fresh dung. They had therefore to be kept under constant observation. Although the beetles frequently went through the initial stages of the production of the secretion, they usually stopped before any visible quantity o f material had accumulated. In other cases the production o f secre tion continued for periods of up to 45 min, resulting in the accumulation of a substantial quantity of material. If, after having secreted some material, a beetle lowered its abdomen and prepared to go underground, it was taken firmly between the fingers and the secretion transferred to a R eactiVial (Pierce Chemical C o.) with a clean spatula. A total quantity of 650 (ig of secretion was collected on ten occasions during the 1 9 8 0 -8 1 season.
Isolation and identification
Under a microscope tiny dust and dung particles were visible in the collected material. These im purities were most likely picked up from the ab domen by the emerging secretion. After it had been established in preliminary small-scale experiments that extraction of the carrier material with different solvents, such as pentane, dichlorom ethane and acetone, yielded extracts which gave virtually identical gas chrom atographic analyses, the follow ing procedure was employed to remove the im purities and to extract the soluble components from the white carrier material. Secretion (450 |ig) collected from four dung beetles was stirred in a 1 ml Reacti-Vial with 100 (il of pentane to give a suspension o f the white insoluble carrier material in the solvent. To preci pitate the carrier material together with any other insoluble matter, the suspension was centrifuged in the Reacti-Vial at 3000 rpm for 30 min. The super natant pentane solution was carefully removed with a syringe. The extraction was repeated twice in the same manner. Combination o f the pentane extracts and slow evaporation of the solvent by leaving the cap of the Reacti-Vial partially unscrewed, gave a concentrate (Fraction 1) which was used for gc and gc-ms analyses of the volatile constituents o f the sex attracting secretion.
To remove dung particles from the carrier material from which the soluble constituents had been extracted, the residue in the Reacti-Vial was suspended in a mixture of pentane and dichloro methane from which the carrier material could be precipitated by centrifuging at 3000 rpm. leaving the dung particles suspended in the solvent. The solvent with the suspended impurities was removed with a finely drawn out Pasteur pipette, whereafter the process was repeated with pentane/dichloromethane mixtures having increasing densities until finally the carrier material remained in suspension and could be removed with a pipette from the heavier dust particles. The carrier m aterial was precipitated from the suspension by dilution with pentane and centrifuging at 3000 rpm. Rem oval of the solvent with a syringe and drying the residue under reduced pressure at room tem perature, yielded 400 |ig (approx. 90% of the collected secre tion) of pure white carrier material (Fraction 2). 
Bioassay
1
This structure for the second most abundant com ponent in Fraction 1 is further substantiated by its l3C NMR spectrum (Table II) .
Final confirmation o f the structure proposed for the unsaturated acid was afforded by spectroscopic and gas chromatographic comparison o f the isolated material with a synthetic sample prepared for this purpose and for biological evaluation comparison also ruled out farnesol as a possibility, the retention time of the component from the dung beetle secretion was only slightly shorter than that of (Z. Z)-farnesol, an observation which led to the conclusion that the compound must be a secondary or tertiary sesquiterpene alcohol. In the 'H N M R spectrum (Fig. 3) 
OH
The presence of skatole was established unequi vocally by gc-ms analysis and by mass spectral and retention time comparison with an authentic syn thetic sample.
It is interesting to note that hexadecanoic acid was absent from extracts obtained from the excised pheromone producing glands of six Kheper species [14] , In these extracts a number of methyl and ethyl esters of long chain fatty acids constituted the major components. Furtherm ore skatole was present in considerable concentrations in these extracts where as it appears to be present only in a minute con centration in the secretion produced by Kheper lamarcki.
In attempts to find a suitable solvent that could be used in experiments to determine the com posi tion of the carrier material, the effect of various solvents on a small quantity of the material was observed under a microscope. F o r this purpose a few fragments of the carrier material was suspended in a droplet of one of the solvents on a clean microscope slide. However, none of the solvents, including various alcohols, ethers, ketones and esters, as well as pyridine, dimethyl sulphoxide and water, produced a positive test, i.e. the formation of an opaque surface on evaporation of the solvent. Although glycerol was not included in this in vestigation, the failure of attempts to obtain a mass spectrum of the material by fast atom bombard-ment ionization, can be attributed to the total insolubility of the carrier material in this solvent.
In an attempted melting point determination, the material slowly turned black at tem peratures above 360 °C , without melting. Evidence that it contains sulphur was obtained by energy dispersive X -ray analysis, while ignition of a small sample of the material produced the characteristic smell of singed hair. As a working hypothesis it was therefore assumed that the carrier material may have a poly peptide structure. This assumption was confirmed by hydrolysis of the carrier material with constant boiling hydrochloric acid [15] , followed by identifica tion and quantitative determination of the amino acids in the hydrolysate as their heptafluorobutyrylisobutyl ester derivatives [16] . A typical gas chrom a tographic separation of these derivatives on a capillary column coated with SE-30, is presented in field tests were carried out very late during the active season of this species when the females had already gone underground and were busy with brood caring. Secondly, the apparent deterrent effect of the synthetic material may be due to a confusingly high concentration of the synthetic material being released by the French chalk. The polypeptide employed by the dung beetle as carrier is expected to release the volatile components of the secretion in a more controlled manner. Fu rth er more, racemic synthetic samples of the unsaturated acid 1 and of (^-n ero lid o l 2 were used in the formulation of the synthetic attractant, whereas only one of the enantiomers of each o f these two com pounds is expected to be produced by the insect. The presence of the other enantiomers in the syn thetic formulation may have been responsible for the observed deterrent effect. As yet, due to the small quantity of the secretion available for structural elucidation, it had not been possible to establish the configurational identity of these two compounds in the secretion. However, it is also possible that the function of the natural secretion is indeed to simultaneously attract females and deter males. Such a dual func tion may be essential for a male to elicit the assistance of a female in the construction and rolling of a dung ball and at the same time to retain posses sion of his dung or dung ball. Although it was im possible to identify and sex the thousands of dung beetles of other species found in the traps, it was, from the smaller numbers of beetles caught in traps baited with dung plus synthetic mixture, clear that the synthetic material also had a deterrent effect on other dung beetle species.
A gas chromatographic comparison of the secre tions produced by other dung beetle species, the identification of the minor components present in these secretions and an investigation of the com pounds responsible for the attraction of dung beetles to fresh dung are currently being under taken.
